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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS INTRODUCTION
Valley Forge National Historical Park is a very popular and heavily used recreational area for the large suburban Philadelphia area population. Its significance as an important site during the Revolutionary War attracts many visitors from all over the Nation. The park is just southwest of the Commodore Semiconductor Group (CSG) National Priorities List (Superfund) Site, which is located in the Valley Forge Corporate Center. The CSG Site was constructed in 1970 to manufacture semiconductor chips. The facility included a 250-gallon concrete underground tank for the storage of waste solvent. Leakage from the tank contaminated ground water with volatile organic contaminants (VOC's) (R.F. Weston, Inc., 1992) .
A remedial investigation study of the CSG Site by Roy F. Weston, Inc. (1992, p. 4-42 and 4-43) concluded that the plume of VOC's from the CSG Site was moving at a rate of 145 ft per year toward Valley Forge National Historical Park and that the plume had reached the park. Roy F. Weston, Inc. (1992, p. 4-2 and 4-3) also concluded that the CSG Site is not the only source of VOC contamination in the area. The National Park Service (NPS) seeks to acquire additional land in the area. The ground water beneath this land may be contaminated by VOC's. In addition, several park employees live in houses in the park and rely on ground water as a source of supply. To document ground-water contamination in the park and vicinity, the U.S. Geological Survey in cooperation with the NPS conducted a ground-water study.
Purpose and Scope
This report provides a discussion of ground-water flow and ground-water quality in Valley Forge National Historical Park and vicinity and the effect of VOC's in ground water from the CSG Site on Valley Forge National Historical Park. It presents a brief description of the hydrology and geology of the area, a potentiometric-surface map based on water levels measured in 59 wells that shows the direction of ground-water flow, and the results of water-quality analyses. This information is necessary to determine the effect of the CSG Site on the park. Water samples from 21 wells were analyzed for physical properties (field determinations), nutrients, common ions, metals and other trace constituents, and VOC's. Water samples from 12 wells inside the park boundary also were analyzed for organochlorine, organophosphorus, and organonitrogen pesticides.
Location and Physiography
The study area ( fig. 1 ) includes the part of Valley Forge National Historical Park in Lower Providence and West Norriton Townships in Montgomery County, Pa., and surrounding vicinity. The 7.5-mi 2 study area is drained by small tributaries to the Schuylkill River, which forms the southern boundary of the study area, and Perkiomen Creek, which forms the western boundary of the study area. Valley Forge National Historical Park is underlain by sedimentary rocks of the Upper Triassic age Stockton Formation in the Triassic Lowlands Section of the Piedmont Physiographic Province. The topography is flat to rolling.
Climate
The study area has a humid, modified continental climate characterized by warm summers and moderately cold winters. The normal mean annual temperature at Phoenixville is 51.7°F. The normal mean temperature for January, the coldest month, is 28°F, and the normal mean temperature for July, the warmest month, is 73.8°F. The normal annual precipitation at Phoenixville is 42.56 in. (Owenby and Ezell, 1992) . Precipitation is about evenly distributed throughout the year, with slightly more occurring during the warmer months because of localized thunderstorms.
Well-Numbering System
The well-numbering system used in this report consists of a county abbreviation prefix followed by a sequentially-assigned number. The prefix MG denotes a well located in Montgomery County. Data on wells sampled for water-quality analysis or used for water-level measurements for this study are listed in table 10, and the locations of the wells are shown on figure 2.
Previous Investigations
The geology and hydrology of the Stockton Formation in southeastern Pennsylvania was described by Rima and others (1962) . Biesecker and others (1968) described the water resources of the Schuylkill River Basin. The ground-water resources of Montgomery County was summarized by Newport (1971) . Montgomery County is included on the geologic map of Lyttle and Epstein (1987) . A remedial investigation and feasibility study was done for the CSG Site by Roy F. Weston, Inc. (1992) . 
HYDROGEOLOGY
The ground-water-flow system is determined largely by geology. In the study area, water occupies most of the open space in the rock below the water table. This constitutes the ground-water reservoir. Most ground water is stored in the weathered rock near the land surface.
Geology
The study area is underlain by the Stockton Formation of Upper Triassic age, which is the oldest of the Newark Basin sediments and forms the basal unit. The Stockton rests unconformably on rocks of Paleozoic and Precambrian age. Sedimentation in the Newark Basin began with an influx of arkosic detritus from uplifted crystalline rocks to the south not far from the present day southern basin margin (Glaeser, 1966) . The Stockton Formation includes alluvial fans, fluvial and lacustrine sandstones, and fluvial and near-shore lacustrine mudstones and siltstones (Turner-Peterson and Smoot, 1985) . Near the southern margin, the Stockton contains laterally coalescing alluvial fans deposited by well-established streams. Thick, poorly defined upward fining cycles possibly were deposited by large, perennial, meandering rivers. The rocks contain channels, ripple marks, mudcracks, crossbeds, lenses, pinch-andswell structures, and minor burrows. Rapid lithologic changes are characteristic of the Stockton Formation. Single beds may grade along strike from fine grained to coarse grained in a few yards (Willard and others, 1959, p. 65) . Stockton lithology is diverse, and the rocks differ widely in bedding, texture, and color. The rocks of the Stockton are characterized by their high arkose content.
At Betzwood, which is in the southeastern part of the study area, the Stockton Formation strikes east-west and dips 15°to the north (Rima and others, 1962, plate 2) . The lower part of the study area is underlain by the lower arkose member of the Stockton; the upper part of the study area is underlain by the middle arkose member of the Stockton (Rima and others, 1962, plate 2) . The lower arkose member of the Stockton Formation is estimated by Rima and others (1962, p. 11) to be 550 ft thick at Phoenixville and to comprise 23 percent of the formation thickness. The lower arkose member appears to take the form of an alluvial fan in the study area and consists chiefly of gray, reddish-brown, and pale orange coarse-and very coarse-grained sandstone and some conglomerate. Shale and thin beds of fine-and medium-grained arkosic sandstone are locally present.
The middle arkose member of the Stockton Formation is estimated by Rima and others (1962, p. 14) to be 1,700 ft thick at Phoenixville and to comprise about 75 percent of the formation thickness. The middle arkose member consists chiefly of pale brown to pale red, gray, and pale orange fine-and medium-grained arkosic sandstone and interbedded shale. In many places, shale is more abundant than sandstone. Thick beds of shale and siltstone are abundant in the upper part of the member. Siltstones and shales are fairly weak, slightly sandy, and usually micaceous. Ripple marks and mudcracks are common.
Hydrology
The rocks of the Stockton Formation form a complex, heterogeneous, multiaquifer system. This aquifer system comprises a series of gently dipping lithologic units with different hydraulic properties. The ground-water system can be visualized as a series of beds with a relatively high transmissivity separated by beds with a relatively low transmissivity. These beds, from a few inches to a few feet thick, act as a series of alternating aquifers and confining or semiconfining units that form a leaky, multiaquifer system. Each bed generally has different hydraulic properties, and permeability commonly differs from one bed to another.
In the Stockton Formation, ground water in the weathered zone moves through intergranular openings that have formed as a result of weathering. In some places, permeability of the weathered zone may be poor because of a high percentage of clay derived from weathering of siltstone and shale. Ground water in the unweathered zone mainly moves through a network of interconnected secondary openingsfractures, bedding planes, and joints. Beds within the Stockton Formation are hydraulically connected by high-angle joints that cross each other at various angles.
In general, the coarse-grained (sandstone and conglomerate) units are the principal water-bearing units, but some of the finer-grained (siltstone and shale) units also contain water-bearing openings. However, because of the softness and fine grain size of the siltstone and shale units, water-bearing openings tend to be clogged. In addition, the soft siltstone and shale beds deform without breaking under stress and, as a result, have lower permeability than the harder sandstone and conglomerate beds, which tend to develop fractures and joints and, thus, are more permeable.
Some water-bearing openings may be slightly enlarged by circulating ground water, which has decomposed and disintegrated mineral constituents in the walls of fractures. Any primary porosity that may have originally existed has been almost eliminated by compaction and cementation. Some water may move through intergranular openings in the rock below the weathered zone where the cement has been removed and the permeability has increased, but this generally is restricted to a few coarse-grained sandstone and conglomerate beds.
Ground water is unconfined in the shallower part of the aquifer and confined or semiconfined in the deeper part of the aquifer. Ground water under confined conditions is under pressure greater than atmospheric. Differences in the ratio of vertical to horizontal hydraulic conductivity, as well as differences in vertical hydraulic conductivity within and among lithologic units, create confining conditions. Nearly all deep wells in the Stockton Formation are open to several water-bearing zones and are multiaquifer wells. Each water-bearing zone usually has a different hydraulic head. The hydraulic head in a deep, open-hole well is the composite of the heads in the several water-bearing zones penetrated. This can cause water levels in some wells to be different than water levels in adjacent wells of different depths. Where differences in hydraulic head exist between water-bearing zones, water in the well bore flows under nonpumping conditions in the direction of decreasing head.
A potentiometric-surface map ( fig. 3 ) was constructed from water levels measured in 59 wells in May and June of 1994. In most cases, the water-level elevations represent composite heads from several water-bearing zones in each well. However, because the difference in head between water-bearing zones is commonly a few feet or less and the contour interval of the map is 10 ft, the map provides a representation of the potentiometric surface. In general, ground-water flow is perpendicular to the potentiometric-surface contours, and ground water flows from higher to lower elevation. . The water levels in wells MG-873 and MG-1063, which were pumping, could not be measured. Ground water in the cone of depression flows toward and discharges to the pumping wells. West of Audubon Road, the configuration of the potentiometric surface mimics the land surface topography and parallels the strike of the bedrock. A ground-water mound that parallels strike and coincides with the local topographic high lies southwest of Audubon Road.
The pumping wells have caused a ground-water divide to form between the cone of depression and Valley Forge National Historical Park ( fig. 3) . The ground-water divide acts as a hydraulic barrier to the flow of ground water and contaminants from the CSG Site to the park. Ground water to the north of the divide discharges to Perkiomen Creek, ground water to the south of the divide discharges to the Schuylkill River, and ground water in the cone of depression discharges to pumping wells in the cone of depression. If pumping ceases within the cone of depression, ground-water levels would recover, and the groundwater divide would shift northward toward the topographic high and ground-water mound south of Egypt Road. If this shift were to occur, a hydraulic gradient would be established between the CSG Site and the Schuylkill River, the point of ground-water discharge. Contaminated ground water flows down the hydraulic gradient toward the park.
Near Betzwood, water-elevations are 62 ft above sea level in well MG-1399, 60 ft above sea level in well MG-1400, and 62 ft above sea level in well MG-1163. These water-level elevations are at or below the elevation of the Schuylkill River. Near the confluence of Perkiomen Creek and the Schuylkill River, the water-level elevation, 70 ft above sea level in well MG-1402, is close to the elevation of the Schuylkill River. These wells may be inducing inflow from the Schuylkill River along strike.
GROUND-WATER QUALITY
As water moves through the hydrologic cycle, chemical and mineral substances from the atmosphere, the soil, and rocks are dissolved. The type and quantity of these dissolved substances constitute the quality of ground water. Anthropogenic activities also add substances to ground water and may affect its quality. Statistics presented below are based on ground-water samples from 21 wells collected for this study (fig. 4) . Water samples were collected from 12 wells within the park boundary and 9 wells between the park boundary and the ground-water divide to the north of the park. All wells inside of the park boundary where permission could be obtained were sampled; some of the land within the park boundary is privately held. The wells sampled outside the park boundary were selected because of known or suspected ground-water contamination.
All water samples were analyzed for physical properties (field determinations), nutrients, common ions, metals and other trace constituents, and VOC's. Water samples from the 12 wells inside the park boundary also were analyzed for pesticides. Ten wells inside the park boundary and wells in an area where cyanide was reported to have been detected in ground water were sampled for cyanide. Cyanide was not detected in any water sample.
Field Determinations
Field determinations include pH, specific conductance, alkalinity, dissolved oxygen, and temperature. These determinations are made when a water sample is collected because these properties are unstable and may be affected by storage (Hem, 1985) . Results of the field determinations are given in table 1.
pH is a measurement of hydrogen ion activity in water. pH is expressed in logarithmic units, and a pH of 7 is considered neutral. Water with a pH less than 7 is acidic; water with a pH greater than 7 is basic. The median pH of water from the sampled wells was 6.6, and pH ranged from 5.2 to 8.2.
Specific conductance is a measurement of the ability of water to conduct an electric current. It is expressed in units of microsiemens per centimeter at 25°C. The median specific conductance of water from the sampled wells was 480 µS⁄cm, and specific conductance ranged from 215 to 900 µS⁄cm. In dilute solutions, specific conductance is directly related to the concentration of total dissolved solids (TDS), and TDS concentrations can be estimated from specific-conductance measurements. The TDS concentration of a water sample from the study area can be estimated by multiplying the specific conductance by 0.56, the median ratio of specific conductance to TDS of the 21 samples.
The alkalinity of water is the capacity for solutes it contains to react with and neutralize acid (Hem, 1985, p. 106) . Alkalinity is produced by dissolved carbon dioxide, bicarbonate, and carbonate and is expressed in terms of an equivalent amount of calcium carbonate. The median alkalinity of water from the sampled wells was 117 mg/L as CaCO 3 , and alkalinity ranged from 15 to 172 mg/L as CaCO 3 .
The median concentration of dissolved oxygen of water from the sampled wells was 5.0 mg/L, and dissolved oxygen concentrations ranged from 0.4 to 9.6 mg/L. Low concentrations of dissolved oxygen in water from some wells may be due to abundant oxidizable minerals, such as pyrite, or biological degradation of organic compounds, which deplete the available oxygen.
Inorganic Constituents
Common ions analyzed and reported are calcium, chloride, fluoride, magnesium, potassium, silica, sodium, and sulfate. Nutrient species analyzed and reported are nitrate, nitrite, ammonia, phosphorus, and orthophosphate. Trace constituents analyzed and reported are aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, molybdenum, nickel, selenium, silver, uranium, and zinc. Other constituents analyzed and reported are cyanide and radon-222. Concentrations are reported in milligrams per liter, which is equivalent to parts per million, and micrograms per liter, which is equivalent to parts per billion.
Common Ions
Common ions dissolved from soil and rock constitute most of the dissolved solutes in ground water; some solutes are dissolved in precipitation. Common ions, in order of decreasing concentration on the basis of median concentrations in samples collected for this study, in the ground water of Valley Forge National Historical Park and vicinity are calcium (46 mg/L), chloride (43 mg/L), silica (26 mg/L), sulfate (25 mg/L), sodium (18 mg/L), magnesium (12 mg/L), nitrate (4.4 mg/L), and potassium (1.3 mg/L). Complete laboratory analyses for common ions are given in table 2. Nitrate is discussed in the following section.
The U.S. Environmental Protection Agency (USEPA) has set maximum contaminant levels (MCL's) and secondary maximum contaminant levels (SMCL's) for some constituents in drinking water (table 3) . MCL's usually are set because elevated concentrations of these constituents may cause adverse health effects. SMCL's usually are set for aesthetic reasons; elevated concentrations of these constituents may impart an undesirable taste or odor to water.
The median TDS concentration of water from sampled wells was 298 mg/L, and TDS concentrations ranged from 124 to 506 mg/L. The USEPA SMCL for TDS concentration in drinking water is 500 mg/L (table 3). Water from 1 (well MG-1368) of the 21 wells sampled exceeded the USEPA SMCL for TDS. Most chloride in ground water is dissolved from natural sources. The median concentration of chloride in water from the sampled wells is 43 mg/L, and chloride concentrations ranged from 6.6 to 150 mg/L. Elevated concentrations of chloride may be caused by anthropogenic sources, such as input from highway deicing salt, fertilizers, and septic systems. Water from well MG-1368, near the intersection of Audubon and Trooper Roads, has elevated concentrations of chloride (150 mg/L), calcium (110 mg/L), and sodium (48 mg/L), probably from NaCl and CaCl 2 , which are used as highway deicing salts. Deicing salt also may have caused the high chloride concentrations in water from wells MG-1410 (150 mg/L), MG-1399 (100 mg/L), MG-1162 (95 mg/L), MG-1393 (88 mg/L), and MG-1161 (87 mg/L); water from these wells also has elevated concentrations of sodium.
Nutrients
Essential nutrients for plant and animal growth include species of nitrogen and phosphorus. Nitrogen is found in water principally as nitrate (NO 3 ), nitrite (NO 2 ), and ammonia (NH 4 ). Phosphorus is found in water principally as a form of the orthophosphate ion species. The orthophosphate species are the most thermodynamically stable of the P 5+ forms likely to occur in natural waters (Hem, 1985, p. 127) . The presence of elevated concentrations of nutrients is usually an indicator of ground-water contamination. Nutrient sources include fertilizers, animal wastes, and effluent from sewage treatment or on-site septic systems. Complete laboratory analyses for nutrients are given in table 4.
Nitrate is the most prevalent nitrogen species in ground water (table 4). No nitrite was detected; therefore, the concentrations of nitrite plus nitrate listed in table 4 are equal to the concentrations of nitrate. The median concentration of nitrate in water from the sampled wells was 4.4 mg/L, and nitrate concentrations ranged from 0.06 to 6.5 mg/L. No concentrations of nitrate exceed the USEPA MCL. Ammonia and phosphorus species are present in concentrations less than 0.14 mg/L. 
Metals and Other Trace Constituents
Metals, such as iron, lead, and manganese, and other trace constituents, such as arsenic, typically are present in low concentrations in water from wells in Valley Forge National Historical Park and vicinity. Most metals and other trace constituents in natural ground water are leached from the soil or dissolved from the underlying bedrock in minute quantities by circulating ground water. Some are present in precipitation. Copper, lead, and zinc in tap water may be leached from household plumbing systems.
Metals and other trace constituents, such as arsenic and selenium, typically are present in concentrations less than 1 µg/L in natural waters. Some constituents, such as iron and manganese, are commonly determined and are usually present. Other constituents, such as beryllium and silver, are not commonly determined, and, if present, concentrations generally are below the detection limit of analytical instruments.
Laboratory analyses for metals and other trace constituents in ground water are given in , 1991) . The action level, as defined by the USEPA, means that a public water purveyor must take corrective action if the concentration of lead is above 15 µg/L in more than 10 percent of tap water samples collected during any monitoring period. The USEPA action level of 15 µg/L for lead was not exceeded in water from the 21 wells sampled. 
Radon-222
Although radionuclides occur naturally in the ground water of Valley Forge National Historical park and vicinity, elevated radionuclide activities may present a health problem. Radioactivity is the release of energy and energetic particles by changes in the structure of certain unstable elements as they break down to form more stable arrangements. The most commonly used unit for radioactivity in water is picoCuries per liter. One Curie is the activity of 1 gram of radium, which is equal to 3.7 × 10 10 atomic disintegrations per second. Activity refers to the number of particles emitted by a radionuclide. The rate of decay is proportional to the number of atoms present and inversely proportional to half-life.
Naturally occurring radioactivity in ground water is produced primarily by the radioactive decay of uranium-238 and thorium-232. They disintegrate in steps, forming a series of radioactive nuclide "daughter" products, mostly short lived, until a stable lead isotope is produced. The uranium-238 decay series produces the greatest amount of radioactivity in natural ground water. Uranium-238 has a half-life of 4.5 × 10 9 years. Its daughter products include radium-226 (half-life 1,620 years) and radon-222 (half-life 3.8 days). Radon-222 is a decay product of radium-226 and is a colorless, odorless, inert, alpha-particleemitting gas, which is water soluble. The end product of the decay series is the stable isotope lead-206.
Ground-water samples for analysis for dissolved radon-222 were collected from 21 wells. Data are given in table 2. The median radon-222 activity of the samples was 1,200 pCi/L, and radon-222 activities ranged from 740 to 5,000 pCi/L. The USEPA has not yet established an MCL for radon-222.
Organic Constituents
One of the most serious consequences of urbanization has been the introduction of man-made organic compounds into the subsurface environment. Some of these compounds have been entering the ground-water system for decades, but awareness of their presence in drinking-water supplies did not begin until the mid-1970's, when analytical techniques became available to detect their presence. The USEPA has classified 113 compounds, known as priority pollutants, as toxic organic compounds. These compounds are divided into four fractions by gas chromatography-mass spectroscopy analysis: (1) volatile compounds, (2) acid compounds, (3) base-neutral compounds, and (4) pesticides. Wells in the study area were sampled for VOC's and pesticides.
Volatile Organic Compounds
VOC's are extensively used in industrial, commercial, and household applications. Their presence in ground water poses a serious problem for public water suppliers, industries, and domestic well owners that rely on ground water. Many of the VOC's are confirmed or suspected human or animal carcinogens (Council on Environmental Quality, 1981, p. 64). USEPA MCL's are set for only a few VOC's (table 3) . VOC's generally enter the ground-water system by spills, leakage from storage tanks, discharge from septic systems, and from lagoons and disposal sites. Once in the ground-water system, VOC's are difficult to remove, and treatment generally is expensive. Water samples for analysis for VOC's were collected from 21 wells. Compounds detected, maximum concentrations detected, and number of detections are summarized in table 6. Laboratory analyses are given in table 11. Concentrations of the compounds detected did not exceed USEPA MCL's. However, the presence of these compounds in ground water indicates a ground-water contamination problem.
VOC's were detected in water from 16 of the 21 wells (76 percent) sampled. Concentrations of most VOC's were relatively low; the maximum concentration detected was 5.8 µg/L of chloroform.
The most commonly detected VOC was chloroform. It was detected in water from 52 percent of the wells sampled. Chloroform is a solvent used in many industries, including the chemical, electronics, and pharmaceutical industries. It is widely distributed in the atmosphere and water and is found in most municipal drinking water supplies and in sewage. It is a suspected human carcinogen (Lucius and others, 1992, p. 194-195) . Chloroform also is a common laboratory contaminant.
The second most commonly detected compound was methyl tert-butyl ether (MTBE), which was detected in water from 24 percent of wells sampled. MTBE is an oxygenate added to gasoline to increase the octane level and to reduce carbon monoxide and ozone in air. MTBE is a commonly used oxygenate because of its low cost, ease of production, and favorable blending characteristics. It is made from methanol, which is derived primarily from natural gas. Gasoline can contain up to 15 percent MTBE by volume. MTBE is volatile and soluble in water; therefore, it can be expected to be found in both air and water.
Many of the VOC's detected in the ground water are industrial solvents. TCE, tetrachloroethylene (PCE), and 1,1,1-trichloroethane (TCA) are commonly used as degreasers in the metals, electronics, and plastics industries. TCE also has been used as a septic tank cleaner and a solvent for paints and varnishes and has been used extensively in the dry cleaning, chemical, and pharmaceutical industries. PCE commonly is used in dry cleaning, for degreasing metals, and as a solvent for fats, greases, and gums. It is used in many manufacturing processes. TCA is used in many manufacturing processes and is a commonly used solvent in the cold cleaning of metals and plastics. TCA is used as a primary and carrier solvent in spot cleaners, shoe polish, stain repellants, hair sprays, inks, lubricants, and protective coatings. 1,1-Dichloroethane is used as a solvent; a dewaxer of mineral oils; a coupling agent in antiknock gasoline; in paint, varnish, and finish remover; for metal degreasing; and in several manufacturing processes. Some of the VOC's present in the water samples are the result of anaerobic degradation by microorganisms in the subsurface ( fig. 5) . 1,1-Dichloroethylene is a reductive dehalogenation degradation product of TCE and PCE (Parsons and others, 1984; Vogel and McCarty, 1985; Freedman and Gossett, 1988) .
Methylene chloride is used primarily in aerosols, paint removers, chemical processing, metal degreasing, and as a urethane foam blowing agent. Methylene chloride also is a common laboratory contaminant. Methylchloride is used in the manufacture of silicones and other chemicals and as a solvent and propellant. Some methylchloride is produced naturally by forest fires, volcanos, and plants. (2) (2) (2) (2) (3)
(1) (2) Figure 5 . Typical reaction pathways for the anaerobic degradation of tetrachloroethylene and trichloroethylene by reductive dehalogenation. Reactions from: (1) Freeman and Gossett (1989); (2) Parsons and others (1984) ; and (3) Vogel and McCarty (1985) .
Two chlorofluorocarbon (CFC) compounds were detected. Trichlorotrifluoromethane is a CFC also known as Freon-113. It is used primarily as an aerosol propellent but also is used in cleaning fluids and solvents. Trichlorofluoromethane, a CFC known as Freon-11, is used as an aerosol propellant. It also is used in commercial refrigeration and in the manufacture of aerosol sprays, cleaning compounds, solvents, and fire extinguishers.
Pesticides
Pesticides are widely used in both rural and urban areas of Montgomery County. Pesticides are divided into insecticides and herbicides on the basis of their use. Insecticides are used in agricultural areas to control crop-damaging insects and in urban areas to control household and garden insects. Herbicides are used to control weeds that compete with crops in agricultural areas and home gardens. They also are used to control broad-leaf weeds on lawns and turf and to defoliate utility, railroad, and highway right-ofways.
Organochlorine insecticides
Organochlorine insecticides have low solubility in water, are persistent in the environment, and are strongly bioaccumulated by many organisms. The use of many organochlorine insecticides has been prohibited or restricted by the USEPA.
Water samples from 12 wells were analyzed for organochlorine insecticides. Complete laboratory analyses are given in table 7. Five organochlorine insecticides were found in concentrations above the detection limit: chlordane, DDD, dieldrin, endrin, and heptachlor epoxide. MCL's are set for only a few organochlorine insecticides (table 3) . Concentrations of chlordane, endrin, and heptachlor epoxide detected in water samples did not exceed USEPA MCL's. The USEPA has not set an MCL for DDD or dieldrin.
Dieldrin and heptachlor epoxide were the most frequently detected organochlorine insecticides; they were detected in water from three wells or 25 percent of wells sampled. Dieldrin is an isomer of endrin. It has been used as a contact insecticide to control corn pests, soil pests, termites, and many other pests. All uses of dieldrin were prohibited by the USEPA in 1973, and it is no longer manufactured in the United States. Heptachlor oxidizes to heptachlor epoxide in the soil. The use of heptachlor was restricted by the USEPA in 1983 to subsurface termite control. It is injected into the subsurface outside of dwellings and other buildings.
Chlordane and DDD were the second most frequently detected insecticides; they were detected in water from two wells or 17 percent of wells sampled. DDD, also known as TDE, was formerly manufactured as an insecticide. All uses of DDD were prohibited by the USEPA in 1973, and it is no longer manufactured in the United States. DDD is a breakdown product of DDT formed by reductive dehalogenation. Chlordane is a non-systematic, broad spectrum insecticide that was used for termite control in homes and gardens and for soil insects for crop protection. The use of chlordane was restricted by the USEPA in 1980 to commercial termite control; it is no longer available to the general public.
Endrin was detected in a water sample from one well. Endrin is used to control insects on grain crops, for grasshopper control on noncrop lands, and as a rodenticide in orchards. 
Organophosphorus insecticides
Organophosphorus insecticides have been used as substitutes for the banned organochlorine insecticides because they are less persistent in the environment and more selective in their targets. Water samples from 12 wells were analyzed for diazinon, ethion, malathion, methyl parathion, parathion, and trithion. None of these insecticides were detected. Laboratory analyses are given in table 8.
Organonitrogen herbicides
Organonitrogen herbicides mainly are used for preemergence applications on corn, soybeans, and other crops for control of annual grasses and broadleaf weeds. Water samples from 12 wells were analyzed for the herbicides listed in table 9. Simazine was detected at a concentration of 0.1 µg/L in water from well MG-1399; the concentration of simazine in the sample did not exceed the USEPA MCL (table 3) . Simazine is used to control annual grasses and broadleaf weeds in corn, alfalfa, and other crops and on fairways, lawns, and turf. In higher concentrations, it is used for nonselective control of weeds along right-of-ways and on industrial sites. 
Other Organic Compounds
Determinations were made for gross polychlorinated biphenyls (PCB's) and gross polychlorinated napthalenes (PCN's) in water samples from 12 wells inside the park boundary. Laboratory analyses are given in table 7. PCB's and PCN's were not detected in any of the water samples.
SUMMARY
Valley Forge National Historical Park is just south of the CSG Superfund Site. Industrial activities at the CSG Site have contaminated ground water in the vicinity of the site with volatile organic compounds (VOC's). The CSG Site is not the only source of VOC contamination in the area. The 7.5-mi 2 study area includes the part of Valley Forge National Historical Park in Lower Providence and West Norriton Townships in Montgomery County, Pa., and surrounding vicinity.
Valley Forge National Historical Park is underlain by sedimentary rocks of the Upper Triassic age Stockton Formation, which form a complex, heterogeneous, multiaquifer system. This aquifer system comprises a series of gently dipping lithologic units-conglomerates, sandstones, and shales-with different hydraulic properties. In the Stockton Formation, ground water in the weathered zone moves through intergranular openings that have formed as a result of weathering. Ground water in the unweathered zone mainly moves through a network of interconnected secondary openings-fractures, bedding planes, and joints. In general, the sandstone and conglomerate units are the principal waterbearing units, but some of the siltstone and shale units may contain water-bearing openings. Ground water is unconfined in the shallower part of the aquifer and confined or semiconfined in the deeper part of the aquifer.
A potentiometric-surface map of the study area shows a cone of depression approximately 0.5 mi in diameter, centered near the CSG Site. The cone of depression is caused by the pumping of six public supply wells, which has resulted in the formation of a ground-water divide between the cone of depression and Valley Forge National Historical Park. The ground-water divide provides a hydraulic barrier to the flow of ground water and contaminants from the CSG Site to the park. Ground water in the cone of depression discharges to pumping wells in the cone of depression. If pumping within the cone of depression was to cease, water levels would recover, and the ground-water divide would shift northward toward the topographic high and ground-water mound south of Egypt Road. If this shift was to occur, a hydraulic gradient would be established between the CSG Site and the Schuylkill River, the point of ground-water discharge. Contaminated ground water would flow down the hydraulic gradient toward the park.
Water samples were collected from 12 wells within the park boundary and 9 wells between the park boundary and the ground-water divide to the north of the park. The wells sampled outside the park boundary were selected because of known or suspected ground-water contamination. All water samples were analyzed for physical properties (field determinations), nutrients, common ions, metals and other trace constituents, and VOC's. Water samples from the 12 wells inside the park boundary also were analyzed for pesticides. Concentrations of inorganic constituents (nutrients, common ions, metals and other trace constituents) in the water samples did not exceed USEPA MCL's. The water from one well (MG-1368) exceeded the USEPA SMCL for TDS. The median radon-222 activity of the 21 water samples was 1,200 pCi/L, and radon-222 activities ranged from 740 to 5,000 pCi/L. The USEPA has not set an MCL for radon-222.
Very low concentrations of organic compounds were detected in some of the water samples. VOC's were detected in water from 16 of the 21 wells (76 percent) sampled; the maximum concentration detected was 5.8 µg/L of chloroform. The most commonly detected VOC was chloroform. The second most commonly detected compound was MTBE, which was detected in water from 24 percent of wells sampled. MTBE is an oxygenate added to gasoline to increase the octane level and to reduce carbon monoxide and ozone in air. MCL's are set by the USEPA for only a few VOC's and pesticides. Concentrations of the compounds detected did not exceed USEPA MCL's. However, the presence of these compounds in ground water indicates a ground-water contamination problem. Several pesticides were detected in water samples collected from within the park boundaries: chlordane, DDD, dieldrin, endrin, heptachlor epoxide, and simazine. Concentrations of the detected pesticides were 0.1 µg/L or less, and did not exceed USEPA MCL's. 
